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AB3 TRACT 


Presence of ultrafine metallic granules in alkali 
containing glass has a significant effect on its electrical 
conductivity The glass metal microoon) 5 )OBi tes with, aluminium 
as a dispersion meteO, in the glass matrix have heen prepared 
Role of metallic dispersoids on ionic conductivity of alkali 
containing glasses and that of their ion exchanged versions 
has been investigated It is found that there ia enhancement 
in electrical conductivity of glausses by metallic digjpereion 
and ion-oxobange treatment It has been further observed 
that highly conducting glasses with very low values of 
activation energy can bo developed 

Chapter I (introduction) deals with Ihe varioxio 
applications of the glass-raetei miorooonrposites and the 
literature survey 

Chapter 2 describee the Baqjerimental teclrmiquea used 
to prepare and characterise the glasB-Ban: 5 >le 0 with different 
molejS of aluminium Procedure for ion-exchange treatment 
of these glasses has been described The characterization 
techniques include A C electrical resietivity measurements. 
Transmission electron microscopy, density measurement, X-ray 
analysis and Piffrontial Scanning Calorimetry to get the 
glass transition temperature of diff«x*ent glass samples 

In Chapter 3, results and A C conductivity of glass- 
metal composites containing aluminium metal dispersoids 


have heen repoirted Mole percen-t of aluminium has been 
varried from 0 to 20 Presence of eluminixim pai*ticles 
enhance 8 the electrical conductivity of virgin and ion- 


exchanged sanqples* 



Chapter - 1 


G-lass-metal mi croco nipoBiteB as the name siiggeate are 

glasses, in which, metal particles of dimension of the order 

of few hTondred angstrons ere precipitated in the matrix 

Metal colloids^ of gold, silver and copper are well known for 

their application to produce colored glasses, particularly rod 

oolour which can not be induced by ionic colouring methods 

These glasses have attracted the attention of glass scientists/ 

technologists during -the last few decades because of their 

wide practical applications The applications of glass-metal 

mi oro composites may broadly be classified as follows Photo 

aensistive glassed* photosensx tively nucleated glasses 

ceramics^, photochromic glasses , polychromatic glasses , 

photothermal conversion (cermet) , solar control coatings 

(electrofloat process® ) Apart from these, the other possible 

9 

applications are » Electro conducting glasses and fibres , 
memory and threshold swi toiling'' \ high strength glasses 
and Pibres^^ These applications require a suitable method 
of metal precipitation in glass matrix# These methods can 
be summarised as follows* 

1 , Reduction during melting and controlled cooling of 
the melt 

2 Exposure of the glass to high energy X-ray, y-ray or 

UV radiation and subsequent heat treatment * 
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3 Staining process in which metal salt is pasted on. the 

15 

glass surface and haked at higher temperature 

4 lon-exchange and reduction treatments'^ 

Many of the glasses prepared xn these manner exhibit 
interesting optical properties and therefore lead to their 
wide applications in window glasses, lenses, eontaine rs, laser*! , 
filters, waveguides eto 

Glass containing bismuth and selenium particles have 
received attention in recent years because of their interesting 
electrical properties specially the switching e ffect^® * ^ ^ * ^ *^ , 
after these glasses were subjected to sodium silver ion- 
exchange followed by a reduction treatment in hydrogen This 
behaviour has been attributed to micro structural characters tic 
of glass which reveals the presence of bismuth isleoids in the 
matrix 

1 1 MICRO STRUCTURAL STUDIES 

The metallic granules in the glass -metal mi croconpo sites can 
be resolved by transmission electron-microscope There axe various 

methods available for precipitation of metallic partioleo. i 

18 19 

Loremas * prepared photosensitive glasses containing gold ' 
and silver by the introduction of metal in its chloride form and 

I 

OeOg as nucleating agent. The glasses were irradiated by UV 
radiation to develope nuoleation sites and heat- 1 ore atment was 
given to get metal particles of 9-11 nn in siee. 

1 - 

Glass metal micro ooa^poeites containing silver and bismuth I 
particles of siae 5-200 nm dispersed in glass matrix were prepared 

by subjecting glass surface to ion exchange reaction followed by | 

2 0 

reduction treatment in hydrogen atmosphere Such glasses show , 
memory switching and high conductivity values i 
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The di*ople-t phase in virgin specimen of Sh^O^ 
containing glass is found to he rich in antimony but not in 
metallic state The ion exchanged and reduced specimen has 
a structure consisting of fine silver droplets of diameters 

9 

measuring from 50 - 100 A , 

In case of Al^O^ containing glasses the droplet phase 
in virgin Bangle is rich in bismuth which however is not in 

metallic state After ion exchange and reduction the droplets 

0 

become much smaller ranging from 50 - 150 A and after reduction 
metallic silver droplets appear having diameters measuidng 
from 50 - 650 A 

It is to be noted that in all the eases metallic 

0 

silver particles with diameters measuring from 50 - 2000 A 
are found to appear in dispersed glass matrix 

Phosphate and silicate glasses containing metallic 

21 

bismuth in the matrix were prepared by oreducing the metal 

oxide in hydrogen atmosphere In this process bismuth 

particles of dimension 5-20 nip emerged in the glass matrix 

These glasses also showed memory and threshold switching The 

studies pertaining to glasses belonging to NSgO — ^2^5 

pbO - B„0_ systems containing Bi„0_ reveal in the micro- 
25 ^ ^ 

structure the presenoo of metallio bismuth granules with its 

oxide dispersed in glassy matrix At low temperatures, the 

conductivity was found to be electronic while at high 

22 

temperatxiros, it was ionic 4 

Sodium aluminosilicate glasses containing small gold 
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23 

and silver particles were studied by Doremua and lurkalo 
These particles were grown in sij'e by irradiating the glass 
by UV radiation and subsequent heat treatment The particles 
grown in this manner showed a uniform siae in a particular 
san^le 

5 

Pilkingtone developed electrofloat process to produce 
coatings on window glasses This is based on field induced ion- 
exchange followed by induction, one of the ion exchange species 
being copper The micros true turo of such product has mioros— 
pherea of copper distributed in the glass matrix 

24 

The electron micro greph of the surface of “Float** 

glass shows no phase separation before ion exchange and 

reduction treatment After soditun copper ion exchange done 

at high temperature (650®C) the sample shows phase separation 

duo to injection of copper ions into glass Similar electron 

microscopic investigation has been carried out on two oxide 

25 

glasses containing alkali ion subjected to sodiiun -fi silver 
ion exchange followed by reduction in hydrogen atmosphere at 
various temperature s Silvea rich phases of sise 3 - 50 um 

with metallic silver embeded in them were obtained 

26 

Sodium silicate glasses were heated in molten silver 

chloride bath at 600® C, which led to the diffusion of silver 

ions in the glass matrix The micro struct lire s of these glasses 

were used to calculate the size of silver particles idiioh 

ranged between 1-10 nm depending on staining time Smithhard 
2 7 

and Dupree studied the micro structure of glasses contsiining 
a large number of well characteriaed small ( 1-10 nm) silver 
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particles These particles were produced in glass matrix 
by staining and photosensiti sation method 

1 2 BLBCTRICAL PRO PBRIIBS OF GrLASS MKTAL MI0HDCQMPQSITB3 1 
1 2 1 SWITCHING STUDIES 

Oxide glasses containing metallic granules of 

dimensions of the order of a few hundred angstroms show 

eleotrioal conduction by an election tunneling mschanisin 

17 

between the metallic island svioh glasses show high conduc- 
tivity Surface layers of certain borosilioate glasses 
containing bismuth and selenium granules show memory switching 

e-fl-er these were subjected to a sodium silver ion exchange 

1 1 

following by a reduction treatment in hydrogen Meaeurenents 

carried out on thick films of these glasses which have not 
been subjected to any ion exchange and to reduction treatments 
show that the switching action is the characteristic feature 

of the base glass itself, the role of silver particles being 

22 

only to lower the switching voltage The off state 

resistance of -tixese glass films has been tentatively explained 
as aidsing due to electron hopping between the metallic islands 
of bi smuth 

Memory switching has been observed by Chakravorty 

et al QO in surface layers containing Bi*0- and 3b«0_ 

2 5 2 5 

separately in Na^O - B^O^- SiOg base glass matrix Chakravorty 
and Murthy 2 8 have observed negative resistance and memory 
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s wit oiling in thin films of NagO-Bi^O^-BgO^-SiOg glasses 

It is to be noted that the surface aroughness of the 
glass is necessary for obtaining the high conductance effect 
It IS believed that imperfections introduced in the surfaces 
by grinding operation increases the efficiency of metallic 
particles which can then grow sufficiently to form a 
continuous chain 

Chakravorty et al hawe shown that in case of thin 

films of bismuth glasses, there is a possibility for the "Off" 

state conduction to the electron hopping between the oonduot- 

ing islands of bismuth The activation energy for electron 

2 29 

hopping in such a situation is given by e / €:h where ^ is 
the dieleotz*io constant of glass matrix, and r is the diameter 
of the conducting island 

WH Omar et al haue shown that the negative 
resistance obtained in these glass films is considered to arise 
from a Joule-microheating process It has been foimd by the 
extrapolation of the plot of threshold voltage versus tempera- 
ture for the glass films, that at about 450°C, the glass shows 
switching without the application of eleotno field and 
switches "Off" at the ten^jerature close to the melting point 
of the bismuth metal In the temperature range 5CX) - 600®G, 
these glasses tend to crystalliae with the orystallins phase 
having a lower resistance than the parent glass* 


The "ON" state is assvuned to be result of the fox'matlon 
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of bismuth filaments between conducting islands The switch 
"Off** process can be explained by the rupture of the filament 

Whether the glass will show “threshold" or memory 
Switching depends on its chemical composition Por instance, 
a glass with composition 1 0 G-e - 30 As - 12 6 Si - 47 7 Te 
(atomic percent) shows threshold switching whereas another one 
with composition 1 0 Oe - 50 As - 40 Te (atomic percent) shows 
memory behaviour^ 

1 2 2 ALECTRIGAL CQHDUC TIVITYt 

Conduction in glasses can be either ionic or electronic 
in nature depending upon the nature of glass euid the temperature 
range 


1 2 3 TEMPERATURE DSPENDENGi^ OF SLiiiCTRIGAL CQMDUOTIVITY t 


The temperature dependence of electrical conductivity 
can be explained by diffusion mechanism"^ (jain et al 1984) 
which leads to an equations* 


<r = 

where A 
with N 


3,H 


d 

0 


A. Ne^l^ d^.c_ exp (“|-) 

= T 

m total concentration of the given ions per 
unit volvuaeekT have xisual meanxngs. 
s entropy and enthalpy associated with, the 
jump step 
a jump distance 
m attempt frequency 
s fraction of mobile species 
m constant i^lated to lattice geometry 
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In iiqn (ill) A is temperature independent pre- exponential 
factor 

33,34 

A close examination of recent electiacal conductivity 
data obtained vising A C con^ilex impedenoe analysis on alkali 
conducting glasses show small but definite departure from equation 
(1 1 . 1 ) 

35 

Moynihan et al have analyased their data after modifying 
eqn (ill) 

rt 

1 2 ^ 


AT“ exp (- 


KT 


where m « fitting parameter 

The m a 0 describes the data within experimental error (which 

36 

is also predicted by Transition State theory and therefore 

suggest it as a better expression for temperature dependence of 

conductivity of glasses Eqn (l 2 2) has been frequently used 

37 

in literature with the name RA3CH and HINRICH3BN relation 

17 

Chakravorty considers the Airrhenious type of 

variation of resistivity as a furnction of temperature 




exp (^) 


5 1 


38 


Abeles at al have sdiown that for low electric fields 

the resistivity of granular metals when the particles are 
isolated from each other, is given by* 
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^2 

? = fo 

where ie a cons tan -fc 

C » X S Ec° 

« (-^) 
h 

£c “ ^ ^ with Km € ^1 + 2S”) 

Kd 

m = electronic mass 

0 m effective barrier liieht 

^ m Planoke' constant 

S s Separation between grains 

Q° a energy required to generate a pair of fvilly 

djk.ssooiated positively and negatively charged 
grains « 

^ a dielectric constant of an insulating medium 

cl m grain size 


The dc resistivity data for bismuth and selenium oontaing 
glasses have been plotted as log ^ against ' ^^ 2 which shows 
a linear curve and oonfering the tunneling mechanism between the 

1 7 

conducting islands ( Chakravorty et al ^ 


1 2 4 VARIATION OP AC CONDUCTIVITY WITH ERhOUiiJJOYl 

17 

Chakravorty et al has plotted the variation of 

A C resistivity as a function of frequency The A C condxjotivity 
obeys a relation of the type {r'(f) with n having a value 

arotxnd 0 9 in the region of 10^ Hz This is attributed to a 
Maxwell - G-amet mechanism in an inhomogeneous conductor 
(Abeles et al ) 
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1 3 ION EXCHANGE AND REDUCTION i 

It ±& fotxnd that the reaiativity of certain oxide 

glasses will decrease if the surface is given reduction 

treatment hy hydrogen G-reen and Blodgett have studiea the 

electrical properties of BigO^ and BbO glasses after subjecting 

to reduction treatment by hydrogen They have found that the 

Surface conductivity of the reduced glasses is very low 

( -e*-: 1 00 - 1000 ohm/sqtmre) and it depends on the distaxuse 

between the particles, influence of surrounding oxide lattices 

40 

and con^osition of the glasaos 

When a glass is ion-exchanged by Ag"*" , Gu'*’ or Cu'*'’*’ ions 
is carried out about the glass transition Temperature T , the 
network of glass adjusts itself to the differing partial molar 
volumes of the exchange ions when the temperattire is lees than 
T , it results in stress in the glass If the salt bath ions 

8t 

are larger than the host ions in the gloss, there is a resultant 

4 1 

oon 5 >roBsion which increases the strength of the glass • 

42 

S 3akka et al worked on the incorporation of copper 
into aluminosilicate glass by Cu-Na lon-exohange at 550®G, The 
results can bs summarised as follows 

The Cu-Na ion exchange rate examined with the glass 
20 Na^O; 10 CaO , 70 SiOg (mole increased with increasing 
temperature in the range of 500 - 650“C 

The amount of Cu incorporated into glass at 550 ®C 
increased with increasing time in the range of 10 min to 120 
min 

The glasses containing 10 mole percent or more Al^O^ 
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ehowed the stepwise concentration profile which is usually 
characteristic of the lon-exohange under an applied field 

The concentration of Cu found at the surface after a 
sufficient ions -exchange was found to he 11-15 wt ^ fif glass 
corresponding to the replacement of 30-40^ NsgOhy ^"^0 

The AlgO^ content markedly affected the ion-exchange 
rate The presence of OeuO in glass suppresses the Cu-Na ion 
exchange rate 
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1 3 OBJECTIVE OF PRESENT INVESTIGATION t 

Some recent work in this laboratory has shown that 

high electrical conductivity can be induced in certain oxide 

glasses containing aluminium dispersoids by subo acting them 

9 

to a Sodium ^ silver ion exchange treatment In the 

present workf a large concentration of aluminium metal has 
been induced and the resultant effect on the electrical 
properties of glasses is studied The objectives of this 
investigation can therefore be summarised as follows i 

1 To prepare the glass samples from reagent grade chemicals 

2 To subject all the above glasses to a sodxrun vt silver Ion 
exchange imder suitable conditions of temperature for reasonable 
pexdod of time 

3 To ehaaraoteriae the electrical properties of both virgin 
and ion exchanged glasses by oon^jlex inQ>edanoe analysis 

4 To explore the possibility of generating highly conductive 
state in the ion-exohanged samples of the above glasses in bulk 
form 


f. 
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EXPERIMENTAL TBGBNiQlIES 

2 1 PREPARATION QPGLA38t 

The glasees investigated in present study are prepared 
from reagent grade chemioals Their composition are given in 
Table 2 t 

Na^O is introduced as carbonate » ^2^3 borio acid* 
Aluminium as Aluminitim powder (99 9%) and other ingredients (SiOg) 
as their i^spootive oxides Each glass batch of a given conqposi- 
tion is weighed, mixed thoroughly with acetone, dried and melted 
in an alumina crucible in an electrically heated furnace Tempe- 
ratures of melting of these glasses are in the range of 1400®C • 
1450®C The glass melt is kept at this temperature for about 2 
hours and is mechanically stirred to make it bubble free and 
homogeneous The melt is poured in al\a mini urn mould of dimensions 

3 om X 1 cm X 0,5 om and is immediately transferred to the axuaealing 
fiumaoe at 500®C where it is annealed for about 6 hours The 
furnace is switched off and the glass is allowed to cool in the 
furnace to room temperatxure The annealing treatment helps in 
removing strains induced in the glass due to thermal streBses and 
thus prevents cracking of the sample 

2.2 SAMPLE PREPARATION PQR BLBCTRICAL RESISTIVITY WmSlJBEMBgTi, 

The Sample is prepared by polishing the glass pieoe 
using silicon carbide grit of different mesh sises (IOO, 240, 320 
400, 600 , 800 respectively) to the dimensions approximately 
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1 0 mm X 8 mm x 1 5 wm The gold is deposited by vacuum 
evaporation on two opposite surfaces of the larger dimensions 
after measuring the oroasectional area and tiiickneee of the 
Bangle with a micrometer (MITUTOTA MAKh) 

2 3 CONOUCTIVITY CELL I 

( 2 £ t) shows the schematic diagram of the cell 
used for electrical measurements It ooneista of a Btainlees 
steel tube of about 300 mm length and of 50 mm diameter The 
tube has cooling ooil assembly attached to its top The main 
structure i e the sample holder can be fitted withen the 
jacket 

The main struct\a:^ of the cell consists of two stain- 
less steel rods fixed to a brorvze flange which act as two 
electrodes (E^ & B^) Each rod is braeed to rectangular 
stainless steel plate so that I3ae sample can be sandwiched 
between the two plates Both the electrodes have spring 
arrangements so that they can be moved tip and down The lower 
electrode is supported on an alumina substrate which itself is 
attached rigidly to the main structure A chromdl -alumel 
thermo- ootqple is placed near the electrode assembly, its other 
end taken out through the teflon diso fitted into the flange* 
There is a central rod in the main structure >diioh oen be 
connected to ground. Also the electrodes are shielded by 
Pig* / 0 ni«tal shielding 


The whole assembly can be used for the temperature 
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range from room temperature to 500 “C with an aooxiraoy of 
± T’E 

2 4 RESISTIVITY MEA3WBMBNT C OWELEX IMPEDANCE AITALY3I3 Qf 
A.C. DATA 


The schematic diagram for the circuit used In Elg 

(2 2 2 ) 

A G-eneral Radio GR l6l5 transformer ratio arm oapaoi- 
tanco bridge with GR 13156 oscillator bench and GR 1232 tuzmed 
amplifier and null detector aire \3sed to meastire oapacltanoe C 
and the loss factor tan S at various frecxusnoles and at various 
t emper ature s • 


The freqtjenoy range used is from 100 Ha to 100 K Ha 
and measurements oaxrled out over a temperatures range from 
Room Teiaperature to 300 *0 The real and imaginary parts of 

complex impedance can bo calotilated by using the values of tanS 
and the oapaeltem.ce C( w ) The complex in^edance is given 
by {^3 ) 


* * . *• 

Z s Z 1 z 


n2 2-2 

G 4- w c 


vC 


^2 2„2 
G + w C 


Hence, Z 



2„2 

w C 


(2 26 ^ 


(2 1 S) 


and 


M 

Z 



2p2 

w C 


(2 


where G is the oonduotanoe and G » wC tan fi 


The capacitance and tan S values are moaaxured for 
various frequencies and for various temperatures and the 
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values of Z and Z can bo calculated uisin^ equations (“ii ‘ » 

( 226 ) Si 3 7 ) 

Por a fixed temperature the values of Z & Z can be 
calculated for different frequencies from the corresponding C 
and tan ^ values Coa^lex inpedanoe plots are made from 

these data 

The plot is usviall y a semicircle pasaing through the 

I 

origin The intersection of the plot on the Z axis is mesuaured 
which gives the value of do resistance The resistivity can be 
calculated by knowing the dimensions of the specimen i»e* 

f. Rd. 1 

where Jl « length, A m area of orosseotion of the 
electrode (gold plated) 

The log ( ^ ) vs ie pxovted, which is a straight 

line and the value of activation energy can be calculated from 
the slope of the line « 

2 5 X^AY ANALYSIS : 

'Rich Seifert 2002D Isodebyeflex Diffractometer' with 
Cu Eoi (wave length m 0 291 nm) radiation has been tased to 
record the X-ray diffraction pattern of the glass samples at 
the scanning speed of 3® per minute The glass samples are 
groxmd to a very fine powder in an agate motor 
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The interplanar spaoings have been confuted from the 
X-ray diffraction diagram lAeing the well known Bragg* a 
relati oni 

^*^kl ^ (2 S' 9) 


where 


^kl 


Q 


A 


interplanar spacing 
diffraction angle 

wavelength of liie radiation itsed 


The calovilated values are compared with the 

existing data of variotis possible phases 


2.6 HICRQSCQPIC ANALYSIb BY 

2 6 1 

For micros true tural examination ihe carbon 

support films are initially prepared by vacuum evaporation techni- 
que on a precleaned glass slide* The carbon films are then cut 
into small squares and made to float on the surface of distilled 
water in a erys talliaation dish These small portion of films 
have been subsequently fished out with copper grids such that 
they rest on the matte side of the grid for better adhesion 
The carbon film not only holds ihe glass particles but also 
serves to conduct the heat produced due to interaction of 
electron beam with the sample. 

The glass sample is thoroughly growd in an agate 
motor, dispersed in acetone and then allowed to settle The 
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prooosa makes thick particles to settle on the bottom layer 
of the container while leaving very fine particles in 
suspension A drop of acetone containing finely dispersed 
glass particles xs then poured on the grid containing carbon 
film The acetone evaporates leaving the fine powder of 
glass on the grid One drop of collodion (O 5 wt 5^ solution 
in aayl acetate) is poured in distilled water to form a very 
thin film of o dlodion The carbon coated grids containing 
glass particles are then placed on this film such tha-t the 
particles face the collodion film Now the grids are fished 
out by clean glass slide In doing so, glass partiolos are 
sandwitched between carbon and collodion films The collodion 
coating keeps the particles in fixed position and also prevents 
them from falling into the sample chamber during examination 

Micro structural details of glass sample has been 
examined in a Phillips BM 301 Transmission Electron 

Microscope Operated at 100 SHY The selected area diffraction 

patterns are recorded 

In order to identify the precipitated phase in the 
sample radii of the diffraction range have been measured from 
the negative by using a graduated eye piece with an aootiraey 
of 0*1 mm The intexplanar spacings are calculated from the 

“ ^ * ^hkl ^ 

B radius of the diffraction ring 

B interplanar spacing of the (hkl) 
plane giving rise to diffraction 
ring 


relation given below x 

Camera Constant 
where r 

■^kl 
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The value of camera constant has "been determined from 
the diffractions pattern of a gold saitple taken as standard 
under identical condition Once the phase is identified, 
actual camera constant is calculated by considering the most 
prominent indexed line of that particxilar diffraction pattern 
and the corresponding reported values of d spacings. The 
oamisra constant calculated in this meuaner is used to oad.oulato 

Sikl o£ the other rings present in the diffraction 

pattern This procedure gives the accurate value of c ami era 
constant and hence the values 

2 7 jaSNSlTY MbASUREMbN^Pi 

Density of glass is measured by liquid displacement 
method A known weight of glass is dipped into toluene 
(density ts 0 87 gm/co) and weighed giving its value Density 

is calculated by the following formula 


W, 


w,- Wg 


(2 7 - 11 ) 


where 


» density of toluene 


2 8 DIPIRBNTIAL SPANNING QAIiORIMETRY (P S C ) 

A Dupont 910 DSC is used for thermal analysie of the 
powder sample of different glass co ngpoeitions The powdered 
samples is put in small aluminixun pan provided by the manufao- 
turar to uee as crucible A second empty A1 pan is uflod ae a 
reference The heating cycle in the DSC for exanple, the 


( 
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ini-bial tenqporature , final "tempera-ture » rate of heatxng , minutes 
in isothermal etc are programmed The specimen xs fi ret heated 
to 400®C at a rapid rate and is brought to a stand by position 
Prom this temperat\ire the specimen is heated at a rate of 10®C 
per minute to the final tempera txire of 600° C On the DSC 
and the recorder system measurements can be made in different 
sensitivitioB 

Two sensitivity ranges IX and X are available in D S.C 
The chart recorder sensitivity can be chosen from 0 11 and 10 
volt full scale reading For the experiment IX D S«C sensitivity 
and 0 1 volt chart recorder sensitivity are tused The measurements 
are made in D S C calibrated mode of the equipment Base line 
adjustments are made at the start of the set of experiments but 
no adoustments are made in between to avoid the change in D S C 
peak charaoteriotic The two-pen change recorder is used to 
record against time, Q, Q being the heat- evolved or absorbed 
and T, the tenqperaturs The typical experimental conditions 
used are shown as below: 


Heating rate 

cs 

10«C/min 

Initial temperature 

ts 

400°C 

Pinal 

temperature 


600 °C 

Range 

for Q 

a 

0 1 V 

Range 

u 

0 

- 

0 1 V 

L S*C 

sensitivity 

m 

IX 

DSC 

in calibrated mode 




2 9 IQN-BXCHANOBi 


A.n the glass compositions are ion exchanged by dipping 
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them in a molten hath of silver nitrate In this process the 
sodxum ions are exchanged by the Silver ions in the glass 
sample lapto a certain thickness 

2 10 SAMPLE PREPARATION POR 10U~SXCEANGE . 

The glass sample is polished to the dimension of 
about 2mm x 2mm x 2 mm by using sxlwon carbide grits of different 
mesh sizes ( 100, 200, 320, 400, 600 , 800) 

Then the sample is kept in a pyrax tube oontaining 
molten AgNO^ at 300*0 in an electrically heated fxmiace for 
48 hours After the ion«>exohangs is over, the sample is taken 
out, washed and boiled to remove the excess AgNO^ 

For electrical resistivity measui^mont , on the ion 
exchanged glass sample, the gold is deposited by vacuum evapora- 
tion on the two opposite surfaces after moasruring the orossec tional 
area and thickness of "the sample with a micrometer (METUTOYA MAKE) 

The electrical resistivity measureinentB/oon 5 >lex 
impedance analysis of A C data is done exactly in the same 
manner as for the virgin glasses 


X 





RiaSULia AND DISCUSSION 


3 1 TranBaisBlon Electron Mior ogoopio Aa&lyajsj. 
3 1 1 MICROSTRPCa?URE 


Pig (313 ) repreBonts the micrograph of the glass 
sample No A2 The electron micrograph shows the dispersion of 
a dark phase in light matrix The dark regions comprise of 
aluminium particles The aluminium particles have a range of 
dimensions from 2.^1 to 

2 1 2 SLLMgTSP, iOthA DIgPaAQTIO^.» 


Pig (3 a A ) shows the SAD of gold film Table ) 

gives the data obtained from the Pig (3 2. A ) The diameters of 
the diffiaction rings have been measured and -the value of the 
camera constant has been calculated and is given in Table (^4 H ) 


The selected ares diffraction of glass sanple A2 
(containing 10 mole percent of alxuninium) has been shown in Pig. 
which contains two diffraction rings The diameters of both the 
diffraction rings have been measured and rings are idmtlfled by 
using the camera constant obtained from the gold film Table ("SSlO 
gives the diameter and d ^^^ value for glass No A2 It has \)een 
found that the two rings in the SAD of sample A2 belong to the 
(ill) and (200) planes of aluminium Table ( 335 ) gives the 
oonparison of values of aluminium with those obtained from 

the SAD of glass No A2 
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3 2 DIPPRLNTIAL bCANNINfr GAL atlIMi!.TRY i 

Pip- (s ^ (S ) fi-xvQs the Q versus T plots for different 

i-fk 

glass samples The value of glass transition temperatxAre have 
been found out amd is given in Table (3 6 ) 

3 3 X«ray .MALYSia i 

Fig(3 5'7} to Pig (3 8 10 ) give the X— ray analysis for different 
glass samples A broad peak is found in each plot which is 
charaoterlstio of am amorphous material* The X-ray analsrsis is 
not able to detect the presence of metallic aluminium granules 

3 4 DENSITY OP TWE G-TASSSa 

The densities of the different glass samples have been 
measxxred by liquid displaoement meiiiod The values are given 
in Table (S 1 I ) 

3 5 AG MBASUREMGNT AND COMFLEX IMPEDANCE ANALYSIS, 

A C measurement yields the value of csonduoteuace (Gr) 
and capacitance (C) as a function of frequency The inqpodanoe 
analysis have been carried out for all glass samples at various 
temperat^l^eB ranging from room ten 5 >ereture to 3CX)®C The frequency 
has been varied from 100 Hz to 100 K Hz 

f •* 

The various points in the Z - Z plot are found to lie 
on a semicircle starting from the origin The intereeotion of 
the somioirole on the real ( Z* ) axis yields the D C resiatahoo 

t 

(Rdo) of the sanple Figures to JCI9) are typical Z -Z 

plots for the different glass samples 
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t » 

It is clear from the Z -Z plots that the value of 
D C resiatanoQ and hence the D C resistivity is decireasing 
as the mole percent of metallic aluminium is increased Such 
changes in reaiotivity values may be due to the phase structure 
in these glasses which increase the mobility of the alkali 
ions According to this model, the sodium ions migrate along 

the interface between the alumina-rich and alumina— deficient 
glass phases 

3 6 ThMFhKATIJKh DBPhNliBNCh OF RJiSiaTIVITY . 

Pig (3 17 iq) to (3 30) show the variation of log ? 

against ■ for all glass samples For each sample the plot 

has been drawn for various ton^seratures indicating the 

temperature dependence of resistivity The ten^erature 

dependence of resistivity is found to obey the Has ch-Hinri- 
37 

chson equation 





(5 I la) 


Where is the p re exponential factor and Q is the 
activation energy Table (3jrt3^ summarises the values of Q 
and for all the glass samples including the ion-exichanged 

ones. 

Figure (3S5-27) gives a comparison of the resistivity 
variation with temperature for the different glasses studied 

Figure (3 26 3^ toi give the log ^ versus — 

plot oonparing the values for the glass numbers At TAl, 

Az ar^ 14 2 _, A3 ^y\4 fie-Sp^cti f ^ ^ 
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in the virgin aa well as the ion-exchanged states The valuee 
of activation energy and the pre-exponential factor' have been 
given in Table (3 5 « 3 fe) Pig (3 is 20 ) for the glasa containing 10 
mole percent of aluminium shows two regxons in the curve with 
different values of activation energies The low ten^erature 
pajrt of the curve xa believed to arise due to alkali ion 
migration The mecnanism responsible for the rather high value 
(2 7 eV) of activation energy exhibited by ■the glass No A2 
in the high temperature range is not understood at this stage 
Moi*e systematic analysis of the resistivity of these glasses 
at different electric fields may clarify whether the above 

2R 

effect is due to some kind of switching phenomenon or not 

The two portions in the log ^ vs curve for 

glass no A3 (glass containing 15 mole percent Al) can be 
explained in the following manner The low aotiviation energy 
(via , 0.1 eV) part is believed to arise due to electron 
tunneling between the metallic granules of aluminitun whereas 
the higher activation energy part is due to ionic migration 
The latter value is higher than that exhibited by glass No A2 
(glass containing 10 mole percent of Al) This may be duo to 
a higher concentration of Al^O^ present in the glass matrix of 
A3 dtxB to the oxidation of aluminitun particles d\iring the glass 
melting operation However at this stage, the possibility of 
a switching mechanism of the type mentioned above can not be 

ruled out ^ 

It is interesting to note that in glass no A4 the 
xonio migration of sodium ions only controls the activation 
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energy It is likely that in this system the effective 
concentration of '^^2^3 glass matrix ia hi^ei* than that 

in glass No A-s a consequence , the inter-island sepajration 

between the metallic aluminium granules is higher in this 
system than that of A3 The electron tunneling mechamsm thus 
makes a negligible contribution to the conductivity of the 
san^le 2 lo "z 2^ 

For the ion— exchanged samples the values of 

activation energy are slightly lower than those for virgin 

glasses This la due to the fact that -the eilver particles 

should have a lower activation energy than sodium ions 
FifutC I 3 ^3j +oC3, 24 

The ion— exchanged ssunple of glass No A2 shows a 

drastic reduction in the resistivity values as oonipared to 

those of the virgin glass Evidently the miorostruotural 

features in the lon-exchanged layer of this glass are conductive 

to the formation of an interconnected silver rxoh phase 

possessing high electrical conductivity It is however* to 

be emphasized that the other glasses may also exhibit this 

typo of Switching A systematic study of voltage -current 

characteristics vinder D C field will be able to throw light 

on this problem 

3 7 g^VBRSUS 1Q& -P FLQT4 

In Fig (3 29 3 ) to (3 32 3^ vexexm log f plots 

have been shown for various tenqperatuzes It can be seen from 
that the value of ^ increases with increasing 


these plots 
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mole percen*t of aluminium within the glass fhis is believed 

■4'T 

to arise due to spaoe charge polarissa tion 
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1 

2 


3 


Table 2 1 i 


Composition of the Crlaseeg^ 



Composition in 

mole 

pe roent 

Density 
g/ cc 

G-lasses 

Na20 

®2°3 

SiOg 

A1 

Al 

25 

10 

65 

- 

2 55 

A2 

25 

10 

55 

10 

2 98 

A3 

25 

10 

50 

15 

2 16 

A4 

25 

10 

45 

20 

2 52 


4 
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Table ~ 3 I a 


BAD of "the Gold Film for the Calculation of Camera Constant 




(Latti ce 

parameter a 

= 4 0786 

A ) 




i m 1 

1 1 

O 

i 1 

Diameter of 
diffraction 
rings (mm) 

radii of 
the diff- 
raction 
rings R mm 

hkl 

'^hkl 

0 

A 

Camera 

constant 

d R 

hklo 

mm A 

Camera 
const 
(average 
mm 1 

1 

7 

1 

3 

55 


111 

2 56 

8 

38 


2 

8 

1 

4 

05 


200 

UN 

o 

CM 

8 

30 


3 

1 1 

8 

5 

9 


220 

1 44 

8 

49 

8.45 

4 

13 

9 

6 

95 


31 1 

1 23 

8 

54 


5 

14 

4 

7 

2 


222 

1.17 

8 

42 


6 

18 

4 

9 

2 


331 

0 93 

8 

56 


7 

18 

8 

9 

4 


420 

0 90 

a 
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Table - 3 2 3 

SAD of the glass sample A2 Calculation of values 


S No 


Diameters of 
the diffraction 
rings 


radii of the 
diffraction 
rings (R^) 


^hkl (A) 

Camera Constant 
R 

s 


75 5 75 2 26 

7 8 :5 9 


2 


2,17 
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Table - 3 3 


Con5)arison of dj, , values of Aluminium with tboBO 
obtained from SaD of glass sample A 2 (glass 
containing 10 mole percent of Al) 


S No 

hkl 

A S T M 

A® 

d, , - calciilated 
hkl 

A® 

1 

111 

2 34 

2 26 


/ 



2 

200 

2 02 

2 17 

3 

220 

1 43 


4 

311 

1 22 




31 


Table - 5 4- jT 



Grlass 

glass 

Ti’ansi'bion Terete rabure 
ays tern 

( T the 

g 

S No 


Glass 

T (®C) 
g 

1 


A1 

505®C 

2 

/ 

A2 

520»C 

3 


A3 

536 oc 

4 


A4 

480 5®C 
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Table 

- 3S- 6 




Activation bnergy ( q) 
For The G-lasa System 

and Pre 

-Exponential iaotor 

‘ ?o) 

- 


Q 

1 

•am am 

S No 

Grlas 8 

eV 

ohm cm 

mm •• 

1 

A1 

0 4 

5 6 3c 10^ 


2 

A2 

0 5 

7 4 


3 

A3 

0 1 ^ 

5 5 X 10^ 


4 

A4 

0 4 

3 4 


aw* «M 

Q » 0 1 eV in low T region 




Q s 0*9 eV in high T region 
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Table -36 


Activation energy ( Q ) and Pre-exponentisJ. 
factor ( ) for the ion exchanged glasses 


S No Glass Q« 




1 

I A1 

0 4 

1 1 X 1 0 

2 

I A2 

0 2 

7 1 


I A4 0 3 14 ? 


3 
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Sample 



Thermocouple 

Thermocouple holder 

Central rod 
(Common ground ) 

Stainless Steel cell 
body 


Stainless Steel Plate 
(Electrode) 


Alumina Substrate 



Fig 211 Schematic view of the conductivity cell 
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Fig 2 2 2 Schematic circuit diagram for A C resistivity measuremen 
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Fig, 3,1.3 Electron Micrograph of SlasB 
Sample A2 X 181730 
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Fig, 3 2,4* Electron Diffraction Pattern 
of Gold Film, 




Pifil 3.3*5* Blootron Diffraction Pattern 
of the Glass Sangplo A2. 




Radiation Cu Ka with Ni Filter 
SS = 3°/ min in 20 
CS = 30 mm /min 
CPS = IK 


20 30 40 5 

20 (degree) 


Fig 3 5 7 X-ray Analysis for Sample A1 




0 10 20 30 40 5 

20 (degree) 


Fig 3 68 X-ray Analysis for Sample A2 






iniensiiy i 



20 (degree) 


Fig 3 810 X-ray Analysis for Sample A4 
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Fig 31012 Complex Impedance Plot for Gloss 

Sample A2 (T = 100°C) 


I 




Fig 31113 Complex Impedance Plot for Glass Sample A3 (T = 103 C) 
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ig 31416 


Complex Impedance Plot for 
Sample IA2 (T = 191°C) 


Glass 
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Fig 31517 Complex Impedance Plot for 
Glass Sample IA3 (T=80®C) 


I 
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ioVt (k'’) 


jg 3 22 24 log P versus 1/T plot for gloss sample IA2 
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Fig 3 30 32 € versus (og f Plot for Glass Sample A2 
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